The antimicrobial effect of preservatives and the mechanism of their action was discussed extensively in the first paper (5) of this series in which also the relative efficiencies of several preservatives against various groups of microbes were compared. In the present paper are presented the experimental results of a study of the efficiency of various chemical preservatives against a number of moulds that are responsible for the spoilage of foodstuffs.
The antimicrobial effect of preservatives and the mechanism of their action was discussed extensively in the first paper (5) of this series in which also the relative efficiencies of several preservatives against various groups of microbes were compared. In the present paper are presented the experimental results of a study of the efficiency of various chemical preservatives against a number of moulds that are responsible for the spoilage of foodstuffs.
Methods
The moulds were isolated from spoiled fish preserves, from spices employed in the preparation of the preserves and from various sites of contamination in the cannery. The following culture media proved to be the most suitable for growing the moulds; Czapek's solution +3% saccharose +1.5% agar-agar (pH 5.4) and Difco bacto malt extract agar (pH 4.6). Czapek's solution contains 2 In order to avoid the physiological degeneration of the pure cultures the transfer method in common use in microbiological work was employed (2, p. 191) .
For the characterization of the isolated mould species, the growth of colonies on Czapek, malt extract and wort agar in Petri dishes and slant cultures was followed. Particular attention was paid to the colours of the colonies and the colour changes seen in them, the surface structure, the changes in the colours of the media and the appearance of transpiration drops. The morphological properties of the vegetative and fertile hyphae and of the reproductive organs were studied in lactophenol preparations and in Henrici's slide cultures.
In the classification of the moulds Rabenhorst's system (Smith 8) When the tolerances of various strains to the same preservatives were compared, differences were noted in the case of sorbic and benzoic acids and hexamethylenetetramine. Cladosporium herbanum (C 4) and Sporotrichum sp. (S,) tolerated 0.008 g of sorbic acid per 100 ml of culture medium, but Aspergillus niger (A 5) a ten times greater concentration. The other Aspergillus and Penicillium strains were about equally as sensitive to sorbic acid. The differences between the strains with respect to benzoic acid and hexamethylenetetramine were generally smaller, but also less uniform than with respect to sorbic acid. Cladosponum herbarium (C,) differed from the other strains in that it was least sensitive to benzoic acid, but was most resistant to hexamethylenetetramine. In Table 2 the dependence of the efficiencies of the preservatives on the pH is shown. Only the efficiencies of the acid preservatives are seen to vary with the pH. When the pH is 7, considerably larger concentrations of the acid preservatives are required to arrest the growth of moulds than in acid pH. This is due, as has been pointed out previously (5) . to the increased dissociation of the acids with increasing only the concentrations of the undissociated, microbiostatically active fractions are compared, it is seen that they are lower in neutral than in acid medium, which is in accordance with earlier observations (6) . It is also evident that dehydroacetic acid and vitamin K s exert a specific action against the moulds in question. The 
Discussion
The above experimental results show that relatively low concentrations of preservatives are generally able to arrest the growth of moulds, especially in acid medium. The differences in the efficiencies of the acid preservatives are more pronounced in neutral media, which is due to differences in their degree of dissociation.
The most effective and specific inhibitors of mould growth are vitamin K 5 and dehydroacetic acid. Amounts of vitamin K 6 smaller than 0.005 g per 100 ml of culture medium are sufficient to arrest the growth of all mould strains studied at both pH 4 .55 and pH 7. The amount of dehydroacetic acid required to effect complete mould growth inhibition at pH 4.55 is 0.005-0.008 g per 100 ml of culture media. As the pH approaches 7 the absolute efficiency of dehydroacetic acid diminishes so that it is less effective than hexamethylenetetramine and ethyl p-hydroxybenzoate. On the other hand, dehydroacetic acid is so weak (cf. ref. 5, Table 1 and Fig. 1 ) that its threshold concentration is fairly low, 0.06-0.15 g per 100 ml of culture medium, even at pH 7, while the corresponding concentrations of sorbic and benzoic acids are over ten times as high (Tables 2 and 3 ). In acid solution also sorbic acid becomes so much more effective that, after vitamin K 5, dehydroacetic acid and hexamethylenetetramine, it is almost as effective as ethyl p-hydroxybenzoate.
The observed threshold concentration values differ in some degree from the values previously reported in the literature. The value for hexamethylenetetramine at pH 7 deviates considerably from the value reported by v. Schelhorn (7) . According to the latter author, 5 per cent hexamethylenetetramine is required to arrest the growth of Penicillium sp. in malt peptone meat broth medium; this concentration is appreciably higher than that recorded in the present study. The activity of hexamethylenetetramine is due to the formaldehyde formed by its decomposition, which decomposition is very slow and irregular in neutral medium. Conducted analyses showed that at pH 4.55 all the hexamethylenetetramine added decomposed during the sterilization, but at pH 7 only one-third. When the moulds were grown on a culture media to which the hexamethylenetetramine was added after the sterilization, they were able to tolerate well hexamethylenetetramine concentrations of 4-5 per cent. The moulds are in this case able to utilize this preservative as a source of carbon and nitrogen (3). The observed deviations in the threshold concentrations may hence be due either to the different rates of decomposition of hexamethylenetetramine or to the different culture media.
The composition of the culture medium is known to have an influence on the efficiency of both benzoic acid and hexamethylenetetramine as inhibitors of mould growth. In wort medium which contains organic nitrogen compounds, greater amounts of these preservatives are required to inhibit mould growth than in Czapek's medium (Table 1) . Preliminary experiments that we have performed have shown that certain amino acids lower the mould growth inhibiting properties of hexamethylenetetramine. Wort contains in addition factors that are necessary for the growth of microorganisms.
Differences were noted in the resistance of various mould strains to dehydroacetic, sorbic and benzoic acids and hexamethylenetetramine. The differences were particularly marked in the case of sorbic acid, since alongside poorly resistant strains, Cladosporiutn herbarium (C x ) and Sporotrichum sp. (Sj), ten times more resistant Aspergillus niger strains (A 5) were encountered. This state of affairs may be due to the possibility that the moulds are capable of utilizing the preservatives in their metabolism, since Melnik and co-workers (4) have found that the disappearance of sorbic acid from packing materials used for cheeses is due to the oxidative metabolism of moulds.
